Aim. In this retrospective study, we scrutinized the patients in whom we had used RadioFrequency (RF) technique in liver resection procedures. Methods. In this retrospective study, indications for liver resection were malignant tumors in 17 (Elective cases) and 6 patients with trauma etiology (Emergency cases). Results. Left lateral segmentectomy (segments II-III) was done in 9 patients. Segment VI resection was performed in 4 patients. Non-anatomical (wedge) resections were done in 10 patients. The average time necessary for transection of the liver parenchyma was 34±5 min. in Elective group and 37±5min. in Emergency group. Average blood loss was 32±5 mL in Elective group and 89±8 mL in Emergency group. In the postoperative period, we did not see any subcapsular or perihepatic hematoma responsible for delayed hemorrhage. No signs of infectious disease or abscesses were observed. Conclusion. This RF assisted technique is effective in bloodless liver resections.
Introduction
Liver resection is nowadays done for a variety of primary or metastatic liver tumors, for benign liver disease, in liver trauma and for harvesting a graft in living related liver transplantation [1, 2] . Despite advances in surgical technique, liver resection still frequently results in significant blood loss with many patients requiring blood transfusion peri-or postoperatively [1] .
A surgical technique, which includes the use of an energized instrument that can safely deal with transection of liver parenchyma and hemostasis at the same time, could possibly overcome these drawbacks. Radiofrequency (RF) devices have been used for more than a decade to thermoablate nonresectable hepatic lesions [3, 4] . Recently, a new concept was described, whereby RF is used to coagulate not the tumor itself but a thin zone of normal organ parenchyma surrounding it, to achieve near bloodless division of the parenchyma.
Probes of Radiofrequency assisted liver resection devices are mainly configurated as a single needle or in rod shape. For the period of four years, we are using a different RF device with a different probe configuration. This device has harrow-like 6-needle (electrode) RF probe ( Figure 1 ). This equipment facilitated our liver resection procedures and decreased peroperative and post operative complications. Here, we report our experience with this new device.
Material and methods
This retrospective study, includes 16 patients who had RF-assisted liver resections between January 2009 and May 2013. Indications for liver resection were malignant tumors in 12 (Elective cases) and 4 patients with trauma etiology (Emergency cases) ( Table 1) . A standardized RF-assisted two-surgeon liver resection technique was done in all patients. The same three surgeons working in tandem performed all of the operations.
Under general anesthesia a midline incision with a right sagittal prolongation (J incision) without opening the diaphragm is performed. Intra-abdominal adhesions and the falciform ligament are divided. A Thompson retractor is always used to ensure good exposure of the liver. The patient is in an anti-Trendelenburg position (15 head up). The tumor-containing liver lobe is mobilized in a standard way to the extent necessary for the intended resection, avoiding unnecessary liver mobilization and manipulation.
Intraoperative ultrasound, assisted by bimanual palpation, is done to determine the accurate position, extent, number of the tumors and their relation to the hepatic veins and glissonian pedicles. Inflow and outflow occlusion of the liver vessels, low CVP anesthesia, and topical hemostatic agents were not used during transection of the liver parenchyma. The upper and lower surface of the liver are marked with diathermy in order to provide a roadmap for the resection. Then, a harrow-like 6-needle (electrode) RF probe was applied to the liver through the resection margin ( Figure 1 ). RF ablation (RFA) to the liver parenchyma to induce coagulative desiccation was carried out along this line with this probe and using a 470 kHz generator (SURTRON SB, Laboratory for Electronic Design Spa, Aprilia, Italy). This probe performs a linear column-like affected zone with a total 12 mm width (6 mm on one side and 6 mm on the other side) in 4±1 minutes. Once the tissue was ablated, the division of the liver parenchyma was completed using a surgical scalpel through the midline of the ablated tissue. Any bleeding from the resection margin during transection was ablated repeatedly until satisfactory hemostasis was achieved ( Figure 1 ). The transection plane was then closely inspected for biliary leaks. All hepatic veins >3 mm and suspected biliary structures at the plane of transection were ligated.
The plane of the division was performed in such a way as to leave a 1 cm resection margin away from the tumor. This safe margin was also confirmed with intraoperative serial frozen sections. Histopathological specimens were taken from the margin after piercing the probe to the liver. When the biopsy materials were taken, the RF generator was started and coagulation was performed. Histopathological examination of the resected specimen was also performed during the postoperative period in the Department of Pathology.
All patients were admitted to the intensive care unit during the postoperative period until their clinical status became better. All of them, after resection, underwent a Duplex ultrasonography of the liver postoperatively. One and two months after the procedure, the patients were invited to the hospital, and their physical examinations and routine analyses (complete blood count and biochemical and urine analyses) were performed. A repeat computerized tomography 1 month after the procedure was also performed.
In all patients, biochemical liver function tests were monitored before, on the 1st, 3rd, 5th and 8th day after liver resection. Liver sequestration, liver abscess, subphrenic abscess, bile leakage, sepsis, chest involvement and postoperative bleeding were considered procedure-related complications. When operating for colorectal cancer liver metastases, the RF-assisted technique facilitates non-anatomical, limited, tissue-sparing liver 
Results
The types of liver resection performed are listed in Table 1 . Left lateral segmentectomy (segments II-III) was done in 9 patients. Segment VI resection was performed in 4 patients. Non-anatomical (wedge) resections were done in 10 patients.
The average time necessary for transection of the liver parenchyma was 34±5 min. in Elective group and 37±5 min. in Emergency group. Average blood loss was 32±5 mL in Elective group and 89±8 mL in Emergency group.
In the postoperative period, we did not see any subcapsular or perihepatic hematoma responsible for delayed hemorrhage. No signs of infectious disease or abscesses were observed. There were 6 (26%) different postoperative complications ( Table 1 ). The most frequent complication was pulmonary complication in 3 (13%) patients). Two (8.6%) patients had wound infection which were healed with wound care. There was no bleeding in the current serie. There was 1 (4.3%) mild biliary fistula in this serie. This problem was resolved with medical treatment in one week. The mean hospital stay was 7±1 days in Elective group, and 8±1 days in Emergency group.
Serum Aspartate aminotransferase (AST) and Alanine transaminase (ALT) levels were increased in 100% of patients on postoperative 1st day (p<0.05). Mean ALT and AST levels were increased to 142±23 and 154±29 respectively, on postoperative 3rd day. (p<0.05). Later, these values were all started to decrease and 8 days after surgery ALT and AST levels have almost fully recovered (p>0.05).
Seru alkaline phosphatase (ALP), Gamma-glutamyl transpeptidase (GGT) and bilirubine level differences of preoperative and postoperative period were not statistically significant (p>0.05). While duration of hospitalization in Elective group was 7±1 days, it is 8±1 days in Emergency group. Mortality was zero, in this serie.
All of the patients, after resection, underwent a Duplex ultrasonography of the liver postoperatively, which showed normal blood flow within the splenic parenchyma and vessels. There was also detected no problem in the control examinations of the patients, which were performed 1 and 2 months after the procedure.
Discussion
Hepatic resection has evolved into the treatment of choice for selected patients with benign and malignant hepatobiliary disease [5] . Despite improvement in the safety of hepatic resection, the procedure is still associated with mortalities and postoperative complications, the most characteristic of which are liver insufficiency, biliary leaks, bleeeding and collections [6] .
There are no anatomical planes in the liver through which bloodless transection of the parenchyma can be performed. Significant bleeding from the cut liver surface during transection is unavoidable and should be efficiently controlled. Commonly used methods for controlling bleeding are:
1. Pringle maneuver and low CVP anesthesia and 2. Surgical techniques for transecting the liver parenchyma-transection procedures, special instruments, energized instruments and topical hemostatic agents.
Main disadvantage of Pringle maneuver is that they can facilitate liver failure in patients suffering from chronic liver disease due to ischemia-reperfusion injury and that their use is time limited [7] .
Rapid heating of liver tissue by RF causes protein denaturation, vessel wall injury, coagulation of the blood proteins and formation of an occlusive coagulum, resulting in tissue shrinkage and permanent 'welding' of all vascular and biliary branches. This principle is the basis of the Weber and Habib technique [8] . The liver tissue, along the resection line, is precoagulated by multiple full-thickness electrode insertions and an 'avascular' tissue plain is created. Dividing the liver along this clearly visible 'avascular' tissue plane with a surgical scalpel is virtually bloodless and no inflow or outflow clamping is necessary.
Probes of radiofrequency assisted liver resection devices are generally configurated as a single needle or in a rod shape. For the period of three years, we are using a different RF device (SURTRON SB) with a different probe configuration which has a harrow-like 6-needle (electrode) RF probe ( Figure 1 ). The probe of this equipment performs a linear column-like affected zone with a total 12 mm width (6 mm on one side and 6 mm on the other side), resulting in a relatively small volume of damaged liver tissue. Other important advantage of this device is its shortness of application time. Each application to the liver and developing a column-like affected zone lasts in a mean of 4±1 minutes. Overall, the average time necessary for transection of the liver parenchyma was 34±5 min. in Elective group and 37±5 min. in Emergency group. We think that, this equipment facilitated our liver resection procedures and decreased peroperative and post operative complications. Previously, we had also reported our succesful partial splenectomy cases performed with this device [9, 10] . In 6 trauma cases RF was used for coagulation purposes. In two of them while lacerated segment VI was resected, in other cases; non-anatomical liver resections in right lobe were performed succesfully with controlling the bleeding. There was no substantial blood loss related to the transection of the liver parenchyma. While average blood loss was 32±5 mL in Elective group, it was 89±8 mL. in Emergency group. We think that bleeding controlling performance of this technique is satisfactory in suitable cases.
We had a bile leak in one case (6%) which is similar to some of the large published series [11, 12] . No signs of infectious disease or abscesses were observed. In the postoperative period, we did not see any subcapsular or perisplenic hematoma responsible for delayed hemorrhage. The mean hospital stay was 7±1 days in Elective group, and 8±1 days in Emergency group. These results also similar to some other series [13, 14] .
Mean ALT and AST levels were increased to 142±23 and 154±29 respectively, on postoperative 3rd day (p<0.05). Later, these values were all started to decrease and 8 days after surgery ALT and AST levels have almost fully recovered (p>0.05). However these results showed that careful patient selection is important before RF application. If patient is in Child B or C using this technique repeatedly for multiple lesions may cause liver insufficiency.
In conclusion, we think that this RF assisted technique is effective in liver resections and allows the majority of liver resections to be performed nonanatomically. Atypical and typical liver resection can be safely performed without the need for inflow clamping or vascular exclusion. Preservation of normal liver parenchyma may have contributed to the low rate of liver insufficiency, but preoperative hepatic capacity is important before RF application.
